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ABSTRACT
Lipid studies on Vibrio fetus strains isolated from
different sources indicated that this organism possessed
2 7 per cent total lipids based upon the dry weight of the
cells.

Approximately 14 per cent of the total lipids were

chloroform-methanol extractable with the remainder composed
of bound and unsaponifiable lipids.

The extractable lipids,

which were separated by thin-laver chromatographyr contained
two lipid classes of which 78.5 per cent were phospholipids
and the remainder free fatty acids.
Approximately one per cent acetate-l-^C was incorpo
rated into the cells with 47.9 per cent being found in the
extractable lipids.

Thin-layer chromatography of isopro

panol-extracted lipids showed incorporation of radioactivity
into an area which migrated similar to a diglyceride standard.
Isopropanol extraction gave similar quantitative yields of
lipids compared to chloroform-methanol extraction.
Among five principal fatty acids found in the extractable
lipids of V. fetus, C18:0 fatty acid was the most actively
synthesized in the phospholipid class.

When the free fatty

acid class was examined, both C16:l and C18:0 fatty acids
were the most actively synthesized fatty acids.

Of the

three phospholipids found in this species, phosphatidyl
ethanolamine represented 95 per cent of the total.
ix

Lysophosphatidyl ethanolamine and phosphatidic acid
were also recovered and possibly were products of enzymatic
degradation.

The presence of phosphatidal ethanolamine was

also suggested.

Only the fatty acid molecules were shown

to contain radioactivity after transmethylation.

In the

bound lipids, C15-.0 and C17:0 fatty acids were found and
were the most actively synthesized from acetate-l-^C.
Sterols were not detected in the unsaponifiable lipids but
fatty acids were present.

x

CHAPTER I
INTRODUCTION
Vibriosis has been classified as the number one infec
tious enemy of bovine reproduction (Easterbrooks, Plastridge,
Williams, and Kiggins, 1955).

A survey of the literature

revealed a report on Vibrio fetus, the causative agent of
vibriosis, which was concerned with a lipopolysaccharide
isolated from smooth and rough strains

(Dennis, 1959).

Both toxicity and pyrogenicity of a chloroform-soluble
lipid isolated from this lipopolysaccharide could be en
hanced by heating, suggesting the potential importance the
lipid moiety might play in pathogenesis.
Bacterial lipids differ considerably from lipids found
in other life forms.

Much thought has been provoked by the

absence of sterols, the presence of relatively high concen
trations of free fatty acids, and fatty acids not ordinarily
found in other life forms.

The presence of these unusual

fatty acids and their possible relationship to pathogenicity
has stimulated much interest.
In addition to the pathogenic nature displayed by
V. fetus, this organism is considered a classical microaerophile being adapted neither to aerobic nor to anaerobic
growth (Smith, Conant, and Overman, 1964) .

This particular

characteristic relegates the organism to an ecological
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niche not shared by many other organisms and could possibly
explain the paucity of reports appearing in the literature
on V. fetus.
The purpose of this study was to isolate, purify, and
identify the lipids of V. fetus utilizing a variety of
analytical procedures.

Because of the considerable confu

sion in the literature concerning different varieties and
types of V. fetus, DNA base composition analyses were
obtained on the strains used in this study in an attempt to
establish a taxonomic relationship.

Prior to a detailed

study of the lipids, a preliminary investigation was con
ducted in order to determine the factors that might influ
ence lipid composition.

CHAPTER II
SELECTED LITERATURE
A.

GENERAL

Vibriosis is recognized as second only to brucellosis
as a cause of economic loss to cattlemen
and Overman, 1964).

(Smith, Conant,

Vibrio fetus, the etiological agent

of vibriosis, was first reported by Theobald Smith (1918)
when he isolated the organism from cattle which had aborted
but were free from brucellosis.

The first isolation of a

species from the genus Vibrio was made by Gamaleia (18 8 8 )
in Odessa, Russia, from chickens dying from acute intesti
nal infections.
Smith et al.

(1964) characterized a Vibrio fetus infec

tion in cattle as primarily a venereal disease since the
organism may be carried in the testes of the bull for life
without causing signs or symptoms'of disease.

In sheep,

vibriosis manifests itself primarily by abortion; the
disease in cattle is mainly one of temporary infertility
with abortion being secondary.

Lindenstruth and Ward (1948)

reported that V, fetus was eliminated from the infected
animal before and after abortion, thereby contaminating
pasture and feed lots and transmitting the organism to
susceptible animals.

These workers also demonstrated that
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the organism remained viable for 20 days at 6 C.

Most cases

of vibrionic abortion in Wyoming occurred during the colder
months indicating the possible epizootiological significance
of their results.
V. fetus was also isolated from the intestinal contents
of birds which are ordinarily found in barnyard areas
(Smibert, 19 69).

The strains were similar to those found

in the intestinal tracts of normal sheep as well as from
sheep which had aborted.
DiLiello, Poelma, and Faber

(1959) reported that evi

dence given by many investigators showed vibrios, other
than V. fetus, inhabited the bovine and ovine genital tract
and that little work had been done to characterize them
systematically.

These organisms were found to be catalase-

negative, I^S-positive, and morphologically indistinguish
able from V. fetus.

Vibrios from nonfetal sources, which

were I^S-positive and serologically unrelated to fetal
strains, were not V. fetus according to Price, Poelma, and
Faber (1955) .

The biochemical characteristics of different

Vibrio cultures were studied by Kuzdas and Morse (1956) and
these authors reported that V. fetus, regardless of the
source of isolation, was defined as being catalase-positive
an<^ ^ 2 ® -ne^at;'-ve r an{^ that human strains were closely
related biochemically to animal strains.

King (1957)

studied the public health significance of V. fetus strains
and concluded that vibrios isolated in cases of
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gastroenteritis in man were found to be serologically
related to V. fetus and should be termed the 11related
Vibrio 11 group.

The possible serological relationships

between V. jejuni and V. fetus, or to members of the
11related Vibrio" group were suggested.

/although Curtis

(1913) may have been the first to recog

nize vibrios as a possible cause of human abortion, Vinzent,
Dumas, and Picard (194 7) were the first to report V. fetus
infection in man.

Hood and Todd (1960) suggested that a

human V. fetus infection could be acquired in three differ
ent ways:

(1 ) by coitus,

(2 ) by contact with infected

animal tissues, and (3) by contamination of food and water.
These authors reported their observations following the
isolation of V. fetus from a mother and a dead fetus.
Cultures of the placenta and of the fetal brain were
positive for V. fetus.
These authors further indicated that V, fetus had been
largely ignored as a cause of human abortion or premature
birth, yet it is known to be a common offender in the
animal world.

Several explanations were suggested:

perhaps V. fetus is rarely a human pathogen,

(1)

(2) the

organisms which are very fastidious in their growth require
ments may fail to grow in the culture media with techniques
usually employed,

(3) the organisms may be only intermit

tently present in the genital tract and therefore, are not
often isolated.
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Bokkenheuser (1970) published some interesting epidem
iological observations on 74 cases of V. fetus infection in
man which had been reported since 1947.

Of the 74 cases,

8 were new cases diagnosed in his laboratory within a

30-month period.

This accumulation of data was in striking

contrast to the rarity with which the infection had been
recorded in the literature.

Human vibriosis occurred in

many parts of the world with the United States reporting
two-thirds of the recorded cases.

Human infections have

not been reported from Asia or Africa, despite the heavily
infected animal herds on these continents.

The State of

New York accounted for about one-third of the cases reported
in the United States.

In 1950, 16 of 139

(16.5 per cent)

bovine fetuses examined in New York were infected with V.
fetus.

The disease affected infants, pregnant women, and

elderly individuals, particularly males and it was rare
between infancy and puberty.

The organisms have rarely

been isolated from a mixed flora in man and infected indi
viduals older than 45 years of age usually suffered from
predisposing debilitating disorders.

Clinical and bacterio

logical relapse of the infection occurred unless antibiotics
were administered for a prolonged period of time.
Although the organism was susceptible to a wide range of
antibiotics, resistance to tetracycline occurred in one case.
The possibility of L-forms was also suggested.

Infection

with a "related Vibrio 11 may present a fairly specific clini
cal picture characterized by acute enteritis and bacteremia,
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particularly in the infant.
B.

MORPHOLOGY

V. fetus was described by Rhoades

(1954) as a micro-

aerophilic, gram-negative, curved rod measuring 0.5 jx by
1.5 to 5.0 p..

In an electron microscopic study of this

organism the morphology varied from comma to "S" and spiral
forms on initial isolation.
tous forms.

Subcultures produced filamen

The comma forms possessed a single polar

flagellum whereas bipolar flagellation predominated on the
"S" forms.

Prolonged incubation and transfer to dry slants

produced a coccoid form with a single flagellum.
(1963)

Werner

investigated the fine structure of V. fetus by

electron microscopy of ultrathin sections.

Electron dense

bodies were found within the cytoplasm and tentatively
identified as being polyphosphate granules.

The cell mem

brane was found to be a double-layered structure.
C.

PHYSIOLOGY

Numerous reports in the literature have attempted
to subdivide different strains of V. fetus into varieties,
types, and serotypes.

Mohanty, Plumer, and Faber (1962)

related the biochemical characteristics of some bovine
vibrios with the system of Florent (1959) which classified
strains of V. fetus according to their source of isolation.
Florent reported two types of vibrios within the species

a
V. fetus and named them V. fetus var. venerealis

(type I)

which caused enzootic infertility and occasional abortion,
and V. fetus var. intestinalis (type II) which caused
sporadic abortion but no infertility.

V. fetus var.

venerealis was catalase-positive, l^S-negative, and failed
to tolerate one per cent glycine.

V. fetus var. intestinalis

was catalase-positive, l^S-positive, and tolerated one
per cent glycine.

A saprophytic aerobic strain, V. bubulus,

was catalase-negative, HgS-positive, and tolerated one per
cent glycine.

These authors also reported that some strains

of both varieties.of V. fetus could be grown

aerobically

after several passages in liquid media.
The results of a study by Alexander (195 7) indicated
that only a limited number of compounds was able to serve
as energy sources for V. fetus.

Of the sixteen amino acids

tested, only aspartate, asparagine, glutamate, and proline
were found to be utilized.

Glucose would not support growth.

At least six non-nitrogenous compounds were shown to be
excellent energy sources for both strains of V. fetus
utilized in the study.

Kiggins and Plastridge (1958) in a

more extensive study utilizing the Warburg respirometer
reported similar results.

Six of 23 amino acids tested,

pyruvate, and all of the tricarboxylic acid cycle inter
mediates were oxidized by either resting cells or cell-free
extracts of V. fetus.

Carbohydrates and glycolytic inter

mediates were not oxidized.

Of eleven fatty acids used in

the study, only acetate was oxidized.
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Fletcher and Plastridge

(1963) suggested that differ-

.

ences in the pathology of vibriosis in cattle, sheep, swine,
chickens, and man should cause isolates to differ in their
basic nutritional requirements.

If this were a proper

assumption, the authors indicated that the development of
a chemically-defined medium should aid in developing methods
for the classification of these vibrios.

A total of 2 6

catalase-positive, I^S-negative strains of V. fetus from
various animals was used in an attempt to develop such a
medium.

Since a yeast extract (0.7%) medium had previously

been shown to support the growth of vibrios from various
sources, a medium was formulated based upon the principal
amino acids and vitamins found in yeast extract.

This

medium supported the growth of 22 of the 26 strains of
V. fetus.

It consisted of aspartate, glutamate, cysteine,

acetate, niacin, and four mineral salts.

The addition of

other vitamins failed to stimulate growth.
Another chemically-defined medium was developed by
Smibert (1963) in a nutritional study of both varieties of
V. fetus isolates.

A total of 87 strains of V. fetus

isolated from bovine, ovine, porcine, avian, and human
sources were used in the investigation.

The final complete

medium contained 18 amino acids and sustained the growth
of all 87 strains.

Twenty-six of the 87 strains could be

grown in a medium containing only four amino acids glutamate, aspartate, proline, and leucine.

More than

half of the isolates could be grown in a medium containing
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as few as seven amino acids.

Growth of most strains in

the chemically-defined medium compared favorably with growth
in Brucella Broth.

Reducing agents such as thioglycollate

did not reduce the lag time nor enhance the growth of the
organisms.

None of the strains investigated showed a

requirement for purines or pyrimidines.

The only vitamin

required was nicotinic acid, but growth was stimulated by
other B vitamins.

Magnesium and ferrous salts were the only

minerals required although addition of other salts did not
affect the growth of the V. fetus isolates.
A range of pH 6.8 to 7.2 was found optimal for growth
of the organisms.

After five days of growth, there was no

significant change in the pH.

The cells were grown in an

atmosphere containing 85 per cent nitrogen, 10 per cent
carbon dioxide and 5 per cent oxygen.

Smibert (196 3) con

cluded that V. fetus var. venerealis and V. fetus var.
intestinalis could not be readily separated on the basis of
their amino acid requirements and that there was no signifi
cant correlation between amino acid requirements and source
of the isolate or biochemical characteristics.

The author

further suggested that the difficulty involved in isolating
and culturing V. fetus may be mainly in the atmospheric
requirements of the organisms and in the physiochemical
conditions of the growth medium rather than the requirements
for unidentified growth factors.
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Tritz and Ogg (1967a) were able to produce a faster
growth rate and a greater yield of cells in the chemicallydefined medium of Smibert (1963) when a shaking technique
was employed.

The oxygen content of the cultures was

adjusted to 6 per cent with nitrogen and incubated at 37 C
on a reciprocating platform shaker.

Agitation increased

the growth of V. fetus cultures when compared to staticallygrown cells.

Three factors were taken into consideration

for the increase in growth:
with the nutrients,

(1 ) better contact of cells

(2 ) more efficient removal of toxic

products from the vicinity of the cells, and (3) more
constant physical environment for the cells.

Doubling the

strength of the medium did not increase the growth rate.
Since the nutritional requirements of the organisms are
relatively few, the increased growth rate of the agitated
cultures was probably not due to better contact of the cells
with the nutrients.

In a simultaneous study Tritz and Ogg,

CL967b), found metabolic end products had little or no effect
on the amount or rate of growth of V. fetus cells.

The

removal of metabolic end products from the vicinity of the
cells by agitation was consequently ruled out.

Since

V. fetus is highly sensitive to changes in oxygen concen
tration, it was speculated that agitation assures a uniform
concentration of oxygen to the medium.

Statically-grown

cultures had a relatively rapid rate of growth during the
first 6 days of incubation when compared with the slower
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growth of cells after the 6 th day.

This may have indicated

that growth of the cells were limited by the rate of
diffusion of oxygen into the medium.

Once the dissolved

oxygen content of the medium was depleted, the only oxygen
available to the cells was that which diffused into the
medium from the gaseous environment.
An investigation was undertaken by Fletcher and
Plastridge (19 64) to determine the effect of the gaseous
environment on the growth of vibrios from different hosts
and on the growth of vibrios in a chemically-defined medium.
Twelve strains of V. fetus var. venerealis showed growth in
a complex medium in which the atmospheric environment was
adjusted to 10 per cent carbon dioxide and the oxygen
concentration varied from 2.5 - 17.5 per cent.

The greatest

amount of growth occurred at the 2.5 per cent oxygen concen
tration.

Twenty-four strains of V. fetus var. intestinalis

grew at all concentrations of oxygen in the range from
2.5 - 20.0 per cent with the optimal being 5.0 per cent
oxygen.

A similar experiment was performed keeping the

oxygen content constant at 2.5 per cent and varying the
carbon dioxide concentration.

The optimal carbon dioxide

level was shown to be 10 per cent for both varieties.

None

of the strains would grow in the absence of oxygen or
carbon dioxide.

On the chemically-defined medium of

Fletcher and Plastridge

(196 3) the optimal oxygen content

was 1.0 per cent and for the carbon dioxide concentration,
the optimal was 10 per cent for all V. fetus strains.
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D.

LIPIDS OP THE GENUS VIBRIO

A survey of the literature revealed only a very limited
number of publications on lipids of Vibrio and only one was
concerned with the lipids of V. fetus.
(1968a)

Brian and Gardner

investigated the fatty acids from smooth and rough

strains of V. cholerae.

Extractable lipids of both organ

isms contained an abundance of ninhydrin-positj.ve phospho
lipids and free fatty acids.

The smooth virulent strains

contained a higher percentage of extractable lipids (7.6
per cent) than the rough avirulent strains

(5.8 per cent).

Relative distribution of fatty acids in the phospho
lipid and neutral lipid classes was similar.

Branched chain

fatty acids were more predominant in the phospholipid
fraction.

In a subsequent study of V. cholerae lipids by

Brian and Gardner (1968b), a procedure was developed to
detect cyclopropane fatty acids.

Methyl esters of fatty

acids were subjected to a mild catalytic hydrogenation to
eliminate unsaturated fatty acids.

The hydrogenation was

then followed by bromination which removed cyclopropane
fatty acids from chromatographic lipid profiles.

No cyclo

propane fatty acids were detected in V. cholerae lipids.
Asselineau (1966) described another study of V. cholerae
in which the lipids constituted 9-10 per cent of the dry
weight of the cells.

The lipids were composed almost

entirely of free fatty acids.
lipids were soluble in acetone.

Only 83-90 per cent of the
Hydrolysis of the

phospholipids produced ethanolamine, ornithine, and two
other ninhydrin-positive substances.

A "wax" fraction

representing about 6 per cent of the total lipids was also
detected.

Prolonged saponification of this fraction gave

4 8 per cent fatty acids but nitrogen, phosphorus, or carbo
hydrate were absent.

A study of the fatty acids was riot

m ade.
V. metchnikovii was included in a study by Salton and
Shafa (1958) of penicillin-induced spheroplasts.

The total

lipids of this organism were shown to decrease from 11.2 to
10.0 per cent when grown

in the presence of penicillin.

Cell walls of Salmonella gallinarum showed a similar re
duction from 22.0 to 19.5 per cent.
An investigation of the lipids of three halophilic
organisms was undertaken by Smithies, Gibbons, and Bayley
(1955).

V. costicolus which was described as being a

moderate halophile was shown to contain 9.0 per cent lipids
based on the dry weight of the cells.

Purified cell walls

had a lipid content of 19.9 per cent.
The only study of V. fetus lipids found in the litera
ture was concerned with a toxic lipopolysaccharide isolated
from both smooth and rough strains

(Dennis, 1959).

In

addition to its toxic character, the lipopolysaccharide
was pyrogenic and antigenic.
present.

An aldoheptose component was

Hydrolysis with one per cent acetic acid at 100 C

for 3 hours yielded a small amount of a chloroform-soluble
lipid.

CHAPTER III
MATERIALS AND METHODS
A.

MICROORGANISMS

A preliminary investigation was undertaken to establish
the cultural techniques necessary for an in-depth study of
Vibrio lipids.

The following organisms used in this phase

of the investigation were obtained from the stock culture
collection of the Departments of Microbiology or Veterinary
Science, Louisiana State University (Baton Rouge):
Staphylococcus aureus
Escherichia coli
Proteus rettgeri
Neisseria flava
Pseudomonas aeruginosa 352
Pseudomonas aeruginosa 2
Pseudomonas aeruginosa M4
Pseudomonas pseudomallei 118
Pseudomonas pseudomallei 119
Pseudomonas pseudomallei 121
Two bovine strains, V. fetus var. venerealis 6571 and
V. fetus var. intestinalis 64 8 8 , were chosen for a detailed
study of their lipid composition and fatty acid biosynthesis.
A human strain, V. fetus 1/1

(St. Luke’s Hospital, New York

City, New York), was also included in this study for
15
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comparative purposes.

In addition, these three strains of

V. fetus were sent to Dr. Manley Mandel (University of
Texas; Houston, Texas)

for analysis of DNA base composition

along with the following three other Vibrio organisms to
determine the taxonomic relationship:
Vibrio fetus var. venerealis 25,170
Department of Veterinary Microbiology
Cornell University
Vibrio fetus var. intestlnalis 65
Department of Veterinary Microbiology
Cornell University
Vibrio bubulus 494

(bovine strain)

Department of Veterinary Microbiology
Colorado State University
B.

CULTURE MEDIA

Two media were used in which to grow the organisms
prior to lipid extractions.

Baltimore Biological Labora

tory’s Trypticase Soy Broth (TSB) which is a complex medium
having a low lipid content (Macleod, Jensen, Gander, and
Sampugna, 1962; Huston and Albro, 1964) was chosen for its
growth-promoting properties with the various organisms used
in this study.

A chemically-defined medium, Difco's

Synthetic Broth AOAC (SB-AOAC) was also chosen for its
growth-promoting properties with the various organisms used
in this study.

This medium was composed of 18 amino acids,
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5 mineral salts, and 2 vitamins and required the aseptic
addition of dextrose.

Since Vibrio fetus does not utilize

dextrose (Alexander, 1957; Kiggins and Plastridge, 1958),
this additive was not incorporated into the chemicallydefined medium when these organisms were cultivated.

To

insure their metabolic stability prior to lipid analysis,
each organism was subcultured at least 3 times in TSB or
SB-AOAC after inoculation from a working stock culture.

The

V. fetus strains could only be transferred successfully from
the complex medium to the chemically-defined medium after
the cells had been centrifuged and washed once with sterile
0.85 per cent saline.

When labeling experiments were to be

performed, SB-AOAC was supplemented aseptically with 0.1 me
sodium acetate-l-^C per liter of medium.
Stock cultures of Vibrio were maintained in three
different media— Brewer Thioglycollate Medium (Difco),
Brucella Broth (Albimi) with 0.1 per cent agar added, and
SB-AOAC with 0.1 per cent agar added.
literature indicated that Huddleson

After a survey of the

(194 8 ) had reported the

maintenance of V. fetus stock cultures in Thiol Medium
(Difco) for at least 150 days without transfer, only the
SB-AOAC and the Thiol Medium were used.

All of the other

organisms used in the preliminary investigation were main
tained on Stock Culture Agar (Difco).

To facilitate the

transfer of a stock culture to a medium of essentially the
same composition prior to extraction of lipids, working
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stock cultures were also employed.

These working stock

cultures were grown in either TSB or SB-AOAC with 0.1 per
cent agar added.
C.

PROPAGATION

V. fetus cells were cultured in 2-liter Erlenmeyer
flasks containing one liter of medium.

One ml of a broth

culture which had been grown for 18 hrs was used as the
inoculum.

Flasks were sealed with a rubber stopper con

taining a glass tube (50 mm in length and 10 mm I.D.) which
was plugged with a cotton filter.

The culture flask was

placed in a desiccator and the gas mixture adjusted with
the apparatus shown in Figure 1.

Atmospheric pressure was

reduced in the desiccator with a vacuum pump until the level
of Hg was 6 5 cm.

The pressure in the desiccator was in

creased to 5 7 cm Hg with carbon dioxide and the remaining
vacuum dissipated with nitrogen.

Since the final pressure

was adjusted to 76 cm Hg, the final concentrations of gases
were 87 per cent nitrogen, 10 per cent carbon dioxide and 3
per cent oxygen.
A vaccine cap was placed on the filter tube as the flask
was removed from the desiccator and cultures were then
incubated at 37 C on a reciprocating platform shaker.
Larger quantities of V. fetus cells were also grown in
18-liter carboys containing 15 liters of SB-AOAC.

After

adjustment of the gas mixture, the carboy was placed inside

0
H o
//

MANOMETER

&

DESICCATOR

CO

VACUUM PUMP

Figure 1.

Apparatus used for adjusting gas mixtures
t—■
VO
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a 2 0 -gal galvanized can that was bolted to the platform
of a reciprocating shaker.

Styrofoam blocks were used as

wedges to firmly hold the carboy.

All of the other

organisms were grown aerobically in one-liter quantities
at either 22 or 37 C.

Growth curves were plotted for all

organisms and the cells harvested at the mid-log phase of
growth after killing with formaldehyde

(0.5 per cent final

concentration).
The cell suspensions were sedimented by centrifugation
at 11,700 x g for 15 min at 4 C and washed 3 times with 0.85
per cent saline.

Cells used in quantitation experiments

were washed with distilled water prior to freeze-drying.
Larger volumes of cell suspensions were harvested with the
aid of a continuous-flow attachment on the centrifuge.
Fresh, frozen

(-60 C ) , and refrigerated (4 C) cells were

also used in order to determine the effects of physical
treatment on fatty acid composition prior to lipid extrac
tion .
D.

EXTRACTION OF LIPIDS

All solvents used in the analyses of lipids were
redistilled prior to use with the exception of diethyl ether
and isopropanol.

Whatman i\l filter paper was defatted by

extraction with diethyl ether in a Soxhlet apparatus for
6-8 hours.

Washed cells were placed in a glass-stoppered

Erlenmeyer flask (250 ml)
methanol

containing 100 ml of chloroform-

(2:1 v/v) and stirred overnight at ambient

21

temperature.

The cell suspension was filtered through

Whatman #1 filter paper and the cells washed three times
with 2:1 chloroform-methanol.

One experiment involving

extraction of lipids was concerned with the substitution of
isopropanol for the chloroform-methanol mixture.

Filtrates

were concentrated to approximately 5 ml in a rotary vacuum
evaporator and a modification of the washing technique of
Folch, Lees, and Sloane-Stanley (1957) was employed to
remove non-lipid contaminants.

The lipid-containing

solvent was tx~ansferred to a separatory funnel

(2 50 ml)

containing 1-2 g of sodium chloride and 4-5 ml of chloro
form, and approximately 200 ml of distilled water were
added.

After the separatory funnel was vigorously shaken

and the phases allowed to separate, the chloroform phase
was removed.

The aqueous phase was then washed an additional

3 times with 5-ml volumes of chloroform.

All of the chlo

roform washings were combined, dried over sodium sulfate
for a minimum of two hours, and then transferred to conical
centrifuge tubes.

The lipid extract was placed under

nitrogen at 4 C for further processing and study.

All lipid

material recovered in the preceding manner was termed
extractable lipid.
After completion of the preliminary phase of this
investigation, two V. fetus strains were chosen for a more
extensive study which was to include the recovery of the
bound lipids according to the procedure of Ratledge and
Saxton (1968),

After the extraction process, the filter
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paper containing the cells was transferred to a boiling
flask (5 00 ml) and 100 ml of 2 N hydrochloric acid added.
Hydrolysis was carried out for 2 hours on a boiling waterbath with constant agitation supplied by a magnetic-stirring
hot plate*

After hydrolysis, an equal volume

(100 ml) of

95 per cent methanol and 40 g of potassium hydroxide was
added to the boiling flask.

The mixture was refluxed for

4 hours during which time mixing was facilitated with a
magnetic stirrer.
Lipids were recovered in a series of ether extractions
by transferring the saponified mixture to a one-liter
separatory funnel.

An equal volume

(100 ml) of distilled

water was added and the unsaponified material removed by
extracting the mixture 3 times with half its volume
of diethyl ether.

(10 0 ml)

Ether extracts were combined and extracted

3 times with half its volume of distilled water to recover
fatty acids removed along with the unsaponified material.
This extract was termed the unsaponifiable fraction.

The

water extracts were added to the aqueous saponification
mixture which was then adjusted to pH 3.0 with hydrochloric
acid and re-extracted 3 times with half its volume of
diethyl ether.

These ether extracts were combined and called

the bound lipid fraction.

Both fractions were purified by

the Folch, Lees, Sloane-Stanley washing technique

(195 7),

dried over sodium sulfate for 2 4 hours, and stored under
nitrogen at 4 C until further use.
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E.

QUANTITATION OF LIPIDS

The total extractable, bound, and unsaponifiable lipids
were determined gravimetrically.

Each lipid fraction, which

was obtained as previously described, was transferred quantitatively to tared weighing bottles

(60 ml)

and evaporated to

dryness at 4 0 C in a vacuum oven.

The lipid content was

calculated as a percentage of the dry cell weight.

When

quantitation experiments were to be performed, the bacterial
cells were freeze-dried before weighing.
with chloroform-methanol

After extraction

(2 :1 ), the cells were centrifuged

at 37,000 x £ for 15 min and washed 3 times with chloroformmethanol and once with methanol.
to a tared boiling flask

The cells were transferred

(250 m l ) , evaporated to dryness

under vacuum, and reweighed.

This modification was necessary

since the chloroform-methanol extraction caused some of the
cells to adhere to glassware and thus produced a subsequent
loss during transfer manipulations.

Experimentation

revealed that only 85-9 5 per cent of the cells could be
recovered.

If the percentages of the bound and unsaponifi-

able lipid fractions were based upon the initial cell weight,
a significant error could be expected unless the cells were
reweighed.
Quantitation of lipid classes was accomplished by the
use of a method developed by Amenta

(19 64) which is based on

the amount of acid dichromate reduced upon the oxidation of
lipid.

An advantage of this technique is that the lipid
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material does not have to be extracted from silica gel
prior to quantitation.
Lipid classes separated by thin-layer chromatography
(TLC) were transferred to screw-cap test tubes (15 ml)
2 ml of acid dichromate solution were added.

and

This reagent

was prepared by dissolving 0.5 g of potassium dichromate in
200 ml of 36 N sulfuric acid.

The test tubes were mixed on

a vortex shaker and heated in a boiling water-bath for 45 min.
After cooling, the tubes were centrifuged at 3,000 x £ for
20 min.

One-ml aliquots were pipetted into test tubes

(15 m l ) , diluted with 10 ml of distilled water, and the
absorbance determined at 350 mu on a Beckman DB spectropho
tometer.

Since a totally reduced dichromate solution will

only give a reading of 0.01 - 0.02 against a water blank
(Amenta, 1964), water was used to set the zero absorbance.
The amount of lipid was determined from a standard curve
which had been calibrated from known amounts of palmitic
acid and cholesterol stearate.
F.

ESTERIFICATION

Lipid material was esterified by the transmethylation
procedure of Stoffel, Chu, and Ahrens
Connellan and Masters

(1965).

to transmethylation tubes
under nitrogen.

(1959) as modified by

Lipid extracts were transferred

(3 0 ml) and evaporated to dryness

In the case of lipid extracts separated into

classes by thin-layer chromatography (TLC), the lipidcontaining silica gel was transferred directly into the
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transmethylation tubes.
mixture

Ten ml of a transmethylation

(dry methanol-ben2ene~36 N sulfuric acid, 20:10:1,

v/v/v) were added and the samples refluxed at 120-140 C for
90 min.

After cooling, 2-3 ml of petroleum ether were

added, the extracts washed 3 times with distilled water,
and dried over sodium sulfate for 2 hours.

The methyl

esters of fatty acids were transferred to conical centrifuge
tubes

(15 ml) and stored under nitrogen at 4 C.

Prior to

injection into the gas chromatograph, the volume was reduced
under nitrogen at 6 5 C.
G.
Pyrex plates

THIN-LAYER CHROMATOGRAPHY
(20 x 2 0 cm) used in TLC procedures were

thoroughly cleaned with detergent and washed with methanol
prior to the application of Silica Gel G (E. Merck A G . ,
Darmstadt, Germany), the stationary phase.

A Waring blendor

was used to prepare a slurry of 22.5 g of Silica Gel G in
50 ml of distilled water which was applied in a 0.25 mm layer
with the aid of a Brinkmann adjustable applicator.
phospholipid separation,

"basic" chromatoplates

For

(Skipski,

Peterson, and Barclay, 1962) were prepared in a similar
manner by mixing 30 g of Silica Gel G with 65 ml of 0.01 M
sodium acetate instead of distilled water.

All chromato

plates were air-dried and activated for 30 min at 115 C
prior to use.
After the chromatoplates were cooled to ambient tempera
ture, lipid samples were spotted or streaked approximately
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2 cm from the bottom of the plate.

A standard mixture

(Hormel Institute II-A) consisting of hydrogenated lecithin,
oleic acid, triolein, cholesterol, and cholesterol oleate
was spotted in a similar manner.

In the initial phase,

purified monolein and distearin were also included.

For

phospholipid analysis, standards of phosphatidyl ethanolamine,
phosphatidyl serine, lecithin, lysolecithin, phosphatidic
acid, sphingomyelin, and cerebrosides

(Supelco, Inc.,

Bellefonte, Pennsylvania) were used.
Table 1 indicates the various TLC systems employed
during this study.

Two different solvent systems were

utilized for the separation of neutral lipids.

Phospho

lipids were first separated from the neutral lipids by the
Mangold system (1961) and eluted from the silica gel with
chloroform-methanol
plates.

(1 :2 ) before respotting on chromato

Separation of the individual phospholipids was then

achieved in four solvent systems.

When two-dimensional
i

systems were used, the phospholipid extract was spotted in
the lower right corner of the chromatoplate.

After develop

ment in the first solvent system, the plate was removed,
dried in a vacuum oven, and rotated clockwise 90 degrees
before being placed in the second solvent system.
Solvent systems

(20 0 ml) were added to development tanks

which were lined on three sides with filter paper and equi
libration allowed to take place for 30 min before use.
Chromatoplates that had been developed in the various solvent

Table 1.

Solvent systems employed in thin-layer chromatography
£

Lipids_______ Chromatonlate

Dimension

Development_______ Solvent System__________ Reference

neutral and
phospholipid

neutral^

one

single

PEd-DEG -35N HC00H
(S5:15:1)

Mangold, 1961

neutral and
phospholipid

basicc

one

double

DE -C f:Hfi-C ?HcOH -CH3 C00H
(40:50:2:0.2)

Freeman and West,
1966

DE-CgH ]_4
(6:94)
phospholipid

neutral

one

single

CHCI 0 -GH-5OK-H 9O
(65:25:4)

phospholipid

basic

one

single

CHC13 -CK3OH -CH3COOH -H-jO Skipski, Peterson,
and Barclay, 1962
(50:25:8:4)

phospholipid

neutral

two

double

CHCI 3 -CH3OH- 7M HH 4OH
(60:35:5)

Huston, Albro, and
Grindley, 1965

Skidmore and
Entenman, 1962

CHG1 3 -CH30H-7M NHaOH
(35:60:5)
phospholipid

basic

two

double

CHCI 3 -CH3OH-CH 3 COOH-H 2O Abramson and
Blecher, 1964
(250:74:19:3)
CHC1 3 "CH3OH -7M NHiOH
(230:90:15)

a
b
c
d
e

=
=
=
~
=

All solvents were mixed on a volume to volume basis
Silica gel in distilled water
Silica gel in 0,01 M sodium acetate
Petroleum ether
Diethyl ether
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systems were dried in a vacuum oven prior to the application
of lipid indicators.

Labeled lipid classes that were to be

counted by liquid scintillation were detected by iodine
vapor.

When fatty acids were to be determined in the gas

chromatograph, the lipid classes were detected by spraying
the chromatoplates with a 0.2 per cent solution of 2 17'
dichlorofluorescein in 95 per cent ethanol.

The individual

classes were observed for fluorescence in a Chromato-Vue
instrument (Ultra-Violet Products, Inc.; San Gabriel,
California).

The following reagents were also used either

singularly or in combination for the qualitative determina
tion of various lipids:
a) Sulfuric acid - lipids and organic compounds.
The chromatoplate was sprayed lightly with a 50 per cent
sulfuric acid solution and heated at 180 C for 30-60 min.
All lipids formed dark-brown or black spots on a white
background.

Sensitivity was increased if viewed under

ultraviolet light.

Major components appeared as black or

brown spots with bright green borders; minor components
appeared as green spots against a bright green background
(Nelson and Booth, 1967}.
b) Sulfuric acid-dichromate - sterols.
The chromatoplate was sprayed with a solution consisting of
70 per cent sulfuric acid and 10 per cent potassium dichro
mate and heated in an oven to 100 C.

Colors changed for the

various sterols depending upon the temperature of the oven
(Shepherd, Ross, and Morton, 1966).
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c) Antimony trichloride - cholesterol and cholesterol
esters.
The chromatoplate was sprayed with a saturated solution of
antimony trichloride in chloroform followed by heating in an
oven at 100-120 C for 10 min.

Sterols gave a blue-violet

to red-violet color (Skipski and Barclay, 1969).
d) Molybdic acid - phospholipids.
The chromatoplate was sprayed with a solution of 5 ml of
6 0 per cent perchloric acid, 10 ml of 1 N hydrochloric acid,

and 2 5 ml of 4 per cent ammonium molybdate.

Most lipids

appeared as blue spots on a white background (Hanes and
Isherwood, 194 9).
e) Orcinol - glycolipids.
The chromatoplate was sprayed with a solution consisting of
75 per cent sulfuric acid and 0.2 per cent orcinol and
heated at 100 C for 15 min.

Most lipid sugars yielded

blue-violet spots on a white background (Skipski and
Barclay, 1969).
f) Ninhydrin - amino phospholipids.
The chromatoplate was sprayed with a solution of 0.3 g
ninhydrin in 5 ml of lutidine and 95 ml of butanol saturated
with distilled water.

Phospholipids containing free amino

groups gave a red-violet spot on a white background
(Skidmore and Entenman, 1962).
g) Dinitrophenylhydrazine - plasmalogens.
The chromatoplate was sprayed with 0.4 per cent dinitrophenyl
hydrazine in 2 N hydrochloric acid.

Plasmalogens appeared
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as yellow or orange spots (Reitsema, 1954).
h) Molybdenum blue - phospholipids.
The chromatoplate was sprayed with solution III of the
following preparation:
Solution I:

40.11 g of molybdic anhydride (MoO^)
was boiled gently in one liter of 25 N
sulfuric acid until dissolved.

Solution II:
..

1.78 g of powdered molybdenum was
boiled gently in 5 00 ml of Solution I
for 15 min, cooled and decanted.

Solution III:

equal volumes of Solution I and
Solution II were mixed and combined
with two volumes of distilled water.

Phospholipids gave blue spots on a white or a light-blue
background (Dittmer and L e s t e r 1964) .
H.

LIQUID SCINTILLATION COUNTING

Three different scintillation cocktails were used in
this study with the choice being governed by the nature of
the sample.

Aqueous samples were counted in Aquasol

(New

England Nuclear; Boston, Massachusetts) which is a xylenebased counting solution that is compatible with large
volumes of water (up to 26 per cent).
When silica gel containing lipid was to be counted, a
BBOT cocktail

(Snyder, 1968) was employed.

The stock

solution was"formulated by the addition of 36 g of
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2,5-bis-[2-(5-tert-butylbenzoxazolyl]-thiophene (BBOT),
720 g of naphthalene, and 700 ml of methylcellosolve to
1650 ml of toluene.

A working solution was prepared by

mixing 1 0 0 0 ml of the stock solution with 100 0 ml of
methylcellosolve, 1250 ml of toluene, and 108 ml of dis
tilled water.

The scintillation cocktail (PPO-POPOP) used

in conjunction with radiochemical gas chromatographic
analyses consisted of 0.3 g of 2,5~diphenyloxazole
0.01 g of 1,4-bis-[2-(5-phenyioxazolyl)]-benzene

(PPO),

(POPOP)

diluted in one liter of toluene (Chase and Rabinowitz, 1962).
All scintillation-grade fluors

(BBOT, PPO, and POPOP) were

obtained from Packard Instrument Company
Illinois).

(Downers Grove,

Determination of incorporation of radioactivity

into bacterial cells was aided by using NCS Solubilizer
(Amersham/Searle Corp.; Des Plaines, Illinois)
cells.

to digest the

Freeze-dried organisms were moistened with 0.15 ml

o.f distilled water and 1 ml of NCS added.

Digestion was

continued for 18 hrs before PPO-POPOP cocktail was added
and the counts determined using a Beckman liquid scintilla
tion spectrometer equipped with a teletype Model 33 type
writer.

Backgrounds taken with each experiment were sub

tracted automatically by the instrument which was programmed
for background correction prior to sample counting.

The

instrument automatically employed a channel ratio method
which read out "S" values for quench correction.

This

external standard (-^^Cs) attachment was employed in the
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calculation of a quench correction curve and to correct for
quenching

(Arthur, 19 70).
X.

GAS-LIQUID CHROMATOGRAPHY

Two instruments were used in the analysis of fatty
acids.

A F&M Model 700 gas chromatograph equipped with

dual columns and flame ionization detectors was used in the
initial phase of the investigation of unlabeled fatty acids.
The columns contained polyethylene glycol adipate

(EGA)

which was prepared according to the method of James (1960) .
These columns were 10 feet in length x 1/4 inch (O.D.) and
contained 8.0 per cent EGA on acid-washed Chromport (80-100
mesh).

The injection port and detectors of the gas chromato

graph were maintained at 2 75 C and the columns at 180 C.
The rate of fLow for the carrier gas (helium) was 6 0 ml per
min.
When labeling experiments were performed, a radiochemical
gas chromatograph (RC-GLC)
(19 61) was utilized.

as designed by James and Piper

This instrument was equipped with a

thermal conductivity cell as the mass detector and a
proportional counter for radioactivity determination.

The

column, which was 6.5 feet in length x 1/4 inch (O.D.),
contained 20 per cent EGA and was maintained at 190 C during
operation.

Argon was used as the carrier gas with a flow

rate of 5 0 ml per min.
A method was devised by Arthur (1970) to increase th.
sensitivity of the radiochemical assay of the fatty acids by

33

absorbance of eluted

and the subsequent determination

of radioactivity by liquid scintillation counting.

Since

the column was connected directly to a combustion tube
{600 C) containing copper oxide and iron filings, all organic
material eluted from the column was converted to carbon
dioxide and hydrogen.

A solution was prepared in order to

absorb the carbon dioxide effluent.

This solution was

composed of 30 ml of phenethylamine, 27 ml of methyl
alcohol, 10 g of naphthalene, 0.5 g

ofPPO, 0.01 g of POPOP,

and diluted to 100 ml with toluene.
The proportional counter of the
a silicone rubber tube was attached
the thermal conductivity detector.

RC-GLC was removed and
to the outlet port of
The exit gas mixture

(argon, carbon dioxide, and hydrogen) was bubbled into 2 ml
of the carbon dioxide-absorbing solution contained in test
tubes (10 x 75 mm) with the aid of glass capillary tubing.
Each peak detected on the mass recorder was trapped in a
different tube.

Immediately after the

ffom a peak

was captured, the solution was transferred to a scintilla
tion vial and 10 ml of PPO-POPOP scintillation cocktail
were added and samples counted in the liquid scintillation
counter.

Per cent efficiency of this technique for

absorbing

was determined by measuring the radioactivity

of 5 fxl of the methyl ester of palmitate-l-^^C as opposed to
the *^C02 recovered from 5 ul of the same compound analysed
by the RC-GLC.

The efficiency range was 53-55 per cent.

34

The fatty acids were identified by a comparison of
observed retention times with the retention times of known
standards, and by plotting the log of the retention time
versus the carbon number.

A standard mixture was used

which contained saturated C11:0 to C18:0 and unsaturated
C16:l, Cl 8 :1, and C18:2 fatty acids.
method by James

The triangulation

(1960) was used to determine the area of

the peaks and their relative percentages.

CHAPTER IV
RESULTS AND DISCUSSION
A.

INTRODUCTION

Prior to the detailed study of V, fetus lipids, a pre
liminary investigation was undertaken.

The experiments

were designed to determine the effect of different growth
media and temperatures on bacterial fatty acid biosynthesis.
In addition, some of the physical and chemical methodology
involved in lipid extraction was also investigated.
B.

EFFECT OF DIFFERENT CULTURAL CONDITIONS

Two factors which appear to play a particularly impor
tant role in fatty acid analysis of bacteria are the composition of the medium and the temperature of growth.

In

order to determine the effect of variation in these two
factors, a preliminary investigeition was conducted.
Cells of Staphylococcus aureus, Escherichia coli,
Proteus rettgeri, Neisseria f1ava, and 3 strains each of
Pseudomonas aeruginosa and P. pseudomallei were grown aero
bically at 22 C and 37 C in SB-AOAC and TSB.
the organisms were potential pathogens,

Since some of

the cells were killed

with formaldehyde (0.5 per cent final concentration)

at the

mid-log phase of growth and harvested by centrifugation.
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Lipids were extracted with chloroform-methanol

{2:1),

transmethylated, and the methyl esters separated by gas
chromatography.

Results shown in Table 2 indicate the

principal fatty acids obtained from 3 strains of P^.
aeruginosa.

Cells grown at the lower temperature (22 C)

contained primarily C16:0, C16:1, and C18:l fatty acids.
In the cells grown at 37 C, these fatty acids represented
over 80 per cent of the total.

Relatively small concentra

tions of C18:2 fatty acid were also present.
In Table 3, C16:0, C16:l, and C18:l fatty acids
represented over 90 per cent of the fatty acids in P.
pseudomallei grown at 22 C.

Cells grown at 37 C contained

high concentrations of C16:0 and C18:l fatty acids but
there were also high concentrations of C17:Br fatty acid
present in addition to C18:2 fatty acid.
The principal fatty acids of the remaining four organ
isms are tabulated in Table 4.

S. aureus and N. flava

contained a greater variety of fatty acids than the other
organisms regardless of the cultural variables.

In £3.

aureus grown at 2 2 C, the 018:2 fatty acid was present in
concentrations greater than 50 per cent of the total
extractable fatty acids.

When these cells were grown at

the higher temperature, 80 per cent of the total esterifiable lipids were concentrated in the Cl4:l, C15:Br, C16:0f
C18:0, and C18:2 fatty acids.

The predominating fatty

acids found in N. flava were the C14:l and C15:0 when the

Table 2.

Fatty 3
acid

Percentage of principal fatty acids of three strains of P^. aeruginosa
grown in two different media at two different growth temperatures.

P . aeruginosa 352
SB-AOAC
TSB
22 C
37 C
22 C
37 C

P^_ aeruginosa 2
SB-AOAC
TS3
22 C
37 C
22 0
37 C

EVj_ aeruginosa M4
SB-AOAC
TSB
22 C
37 C
22 C
37 C

12:0

_b

-

-

-

-

-

-

-

-

-

-

-

13:0

-

-

-

-

-

-

-

-

-

TR

-

-

14:0

TRC

TR

TR

TR

TR

TR

TR

TR

TR

TR

TR

TR

15:0

-

TR

-

-

-

TR

-

-

-

-

-

-

16:0

23.8

35.9

25.8

42.0

24.5

40.5

28.5

39.8

26.1

42.8

27.8

40.3

16:1

25.8

11.4

25.4

8.9

26.0

7.6

24.3

8.0

25.5

6.1

24.0

7.9

17:0

-

TR

-

17:Br

-

4.1

-

18:0

TR

2.8

TR

18:1

50.4

36.6

48.8

18:2

-

9.4

-

20:0

-

TR

-

'

-

-

-

-

-

-

-

-

4.9

-

3.6

TR

5.2

-

3.0

TR

4.7

1.6

TR

1.7

TR

1.8

TR

2.3

TR

1.8

49.5

38.0

47.2

33.8

48.4

9.1

-

8.6

-

11.4

-

TR

-

TR

-

TR

-

33.5

a = First number designates carbon chain length; figure following colon
indicates number of double bonds; Br indicates branched chain
b = < 0 . 5 per cent
c = < 1 . 0 per cent (Trace)

37.9

48.2

35.0

7.9

-

10.3

TR

-

TR

Table 3.

Fattya
acid

Percentage of principal fatty acids of three strains of
oseudomallei
grown in two different media at two different growth temperatures.

P. oseudomallei 118
SB-AOAC
TSB
22 C
37 C
37 C
22 C

P. oseudomallei 119
SB -AOAC
TSB
22 C
37 C
22 C
37 C

P. oseudomallei 121
SB -AOAC
TSB
22 C
37 C
22 C
37 C

_b

-

-

-

-

-

-

-

-

-

-

-

13:0

-

-

-

-

-

-

-

-

-

-

-

-

14:0

1.2

1.4

1.1

1.4

1.2

1.5

TR

1.2

1.9

1.3

TR

1.6

15:0

-

-

-

-

-

TR

-

-

TR

-

-

-

16:0

27.8

46.4

20.4

38.3

28.9

45.6

26.4

39.4

30.5

48.6

31.5

43.9

16:1

31.5

3.9

28.9

2.5

31.1

1.8

19.6

2.0

32.5

5.0

15.1

TR

17:0

-

-

TR

-

17: Br

20.3

TR

21.5

12: 0

-

-

-

-

-

-

-

TRC

16.1

TR

6.7

20.9

TR

12.7

11.6

26.1

18:0

1.3

1.5

1.3

3.1

1.6

1.9

2.1

1.3

1.4

1.4

2.0

1.0

18:1

38.2

22.1

48.3

17.4

37.2

19.4

42.1

13.7

32.4

22.2

35.2

11.2

18:2

-

8.4

-

17.0

-

8.3

3.1

21.5

-

8.8

4.6

15.2

20:0

-

-

-

TR

-

TR

-

1.3

-

TR

-

a = First number designatescarbon chain length;figurefollowing colon
indicates number of double bonds;
Sr indicatesbranched
chain
b = <: 0.5 per cent
c = < 1.0 per cent (Trace)

1.0

Table 4.

Fatty3
acid

Percentage of principal fatty acids of four bacterial species
grown in two different media at two different growth temperatures.

S_;_ aureus
SB -AOAC
TSB
22 C 37 C 22 C 37 C
b

12:0

Neisseria flava
SB -AOAC
TSB
22 C 37 C 22 C 37 C

—

“

“

TR

Proteus retteeri
TSB
SB -AOAC
22 C 37 C 22 C 37 C
—

Escherichia coli
TSB
SB -AOAC
22 C 37 C 22 C 37 C

TR

—

-

-

-

-

-

-

-

-

1.2

2.4

2.7

3.1

2.9

5.3

3.6

5.1

21.7

-

-

-

-

-

-

-

-

21.7

33.3

5.0

6.6

-

-

1.1

1.4

-

-

3.1

1.8

3.7

-

-

-

-

-

-

-

-

9.6

6.8

8.5

9.6

29.5

34.0

36.9

44.5

32.1

45 . 6

26.3

26.9

2.0

3.6

1.7

9.8

6.6

37.1

35.1

49.1

32.7

28.4

20.4

31.5

27.8

1.5

-

-

TR

-

TR

1.3

1.8

5.0

8.6

TR

TR

-

-

-

1.3

-

~

-

-

-

3.4

4.5

TR

TR

1.3

9.1

5.9

22.7

5.7

19.6

7.2

20.2

4.2

2.5

3.7

8.2

-

1.8

-

11.1

TR

TR

1.4

TR

18:1

2.0

3.7

2.2

2.5

7.3

3.7

6.2

4.3

22.5

13.8

6.3

TR

34.2

18.2

31.3

18:2

51.7

20.6

56.4

19.6

TR

1.7

TR

TR

-

TR

-

-

-

TR

TR

20:0

-

-

-

-

TR

1.7

TR

TR

-

TR

-

-

-

-

-

1.7

2 2: 0

-

-

-

-

3.6

6.8

3.9

5.0

-

-

-

-

-

-

-

-

TRC

2.4

TR

3.3

TR

3.0

3.3

2.5

2.3

2.5

5.8

2.9

5.2

13.5

7.0

12.6

25.3

22.4

29.7

15:0

9.1

5.9

7.9

8.8

32.6

42.4

15:Br

-

11.0

-

13,4

2.0

16:0

10.1

16.7

8.0

14.2

16:1

5.9

1.4

1.2

17:0

2.0

-

17:Br

1.7

18:0

13:0

-

14:0

2.6

14:1

a = First
colon
b = <0.5
c = <1.0

-

number designates carbon chain length; figure following
indicates number of double bonds; Br indicates branched chain
per cent
per cent (Trace)

4.0

11.8

u>
us
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cells were grown at both temperatures and in both media.
In P. rettgeri , C16:0 and C16:1 fatty acids were present in
the greatest concentrations but there was also a relative
,

............

V

high concentration of C18:l fatty acid when these cells
were grown in SB-AOAC.

This C18:l fatty acid was also

found in the TSB-grown cells but only at the lower tempera
ture.
E.

coli contained primarily C16:0, C16:lr and C18:1

fatty acids but an exception was the cells grown in TSB at
37 C.

In addition to the high concentrations of C16:0 and

C16:l present, there were relatively high concentrations of
C17:Br and C18:2 fatty acids.
The results presented in Tables 2-4 indicate a definite
shift in C16:l and C18:l fatty acids which appears to be
dependent upon growth temperature.

At the lower growth

temperature, the percentages of these unsaturated fatty
acids increased for all the organisms with the exception of
S. aureus and N. flava.

Quantitative differences were

found in fatty acid composition among strains of the same
species as well as qualitative differences among different
genera.

These data indicated that the temperature of

growth affected fatty acid content more than the composition
of the growth medium.
Essentially the same fatty acids and relative concen
trations have been found by others in their investigation
of various strains of the same species used in this
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preliminary study (Abel, Deschmertzing, and Peterson, 196 3;
Marr and Ingraham, 1962; Steinhauer, Flentge, and Lechowich,
1967; and Brian and Gardner, 1968b).

A similar finding

concerning the fluctuation of saturated and unsaturated
fatty acids has been published by Marr and Ingraham (1962)
in their work with E. coli.

These authors suggested that

this could be due to an indirect effect resulting from a
change in the concentration of intermediates in the medium.
In their investigation limitation of the nitrogen source
resulted in a dramatic increase in the percentage of C16:0
fatty acid at the expense of C16:l and C18:l fatty acids.
The percentage of unsaturated fatty acids could be increased
if the medium was supplemented with amino acids.
Similar experiments as were described for the organisms
in Tables 2-4 were also performed on 3 strains of V. fetus
grown in an atmosphere of 3 per cent oxygen, 10 per cent
carbon dioxide and 87 per cent nitrogen.

These organisms

could not be cultivated at the lower growth temperature
(22 C) and strain 6571 would not grow in the complex medium
despite several attempts.
Table 5.

The. results are indicated in

In the chemically-defined medium, over 9 0 per cent

of the fatty acids were 016:0, 016:1, and 018:1 fatty acids.
A greater variety of fatty acids was also found in the
organisms grown in TSB with 014:1, 015:0, and 016:0 fatty
acids predominating.
In addition to the possible detrimental effect of
chemical treatment prior to lipid extraction, the physical
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Table 5.

Percentage of principal fatty acids of V. fetus grown at 37 C
in two different growth media.

Fatty 3
acid

V. fetus 1/ 1
TSB
SB-A0AC

V. fetus 6488
TSB
SB-A0AC

V. fetus 6571
SB-A0AC
TSBb

_c

-

TR

-

TR

13:0

-

1.2

-

1.2

-

14:0

5.5

2.9

9.0

4.0

5.1

12 : 0

14:1

Tl!d

29.0

1.0

13.5

-

15:0

-

28.6

-

15.5

-

15:1

1

1.9

-

2.0

-

15: Br

-

1.1

-

1.7

-

16:0

45.4

14.9

31.3

26„4

40.7

16:1

23.6

5.0

13.4

7.1

18.4

16:2

-

4.1

-

8.1

-

17:0

-

3.7

-

5.6

-

17: Br

-

TR

-

1.3

-

18:0

1.3

2.2

2.2

6.4

1.7

18:1

22.7

4.1

42.5

5.2

33.0

a = First number designates carbon chain length; figure following
colon indicates number of double bonds; Br indicates branched chain
b = No growth
c = < 0 . 5 per cent
d = < 1.0 per cent (Trace)

43

treatment of bacterial cells could cause variations in
their lipid composition according to Asselineau (1966).
This author further stated that the age of cultures also
constituted another factor capable of causing large varia
tions in the lipid content of a species.

This present

study was expanded to take into consideration 3 of the
physical methods frequently used by other workers which
might influence the lipid composition due to autolysis of
the cells.
Three strains of V. fetus were grown in SB-AOAC at
37 C and harvested as previously described.
strain were divided into 3 equal aliquots.

Cells of each
Lipids of the

first aliquot (fresh) were immediately extracted r transmethylated,

and analyzed as previously described.

One

remaining aliquot was refrigerated at 4 C and the other
placed in a deep freezer

(-60 C ) .

After storage of 14 days,

both of these aliquots were processed exactly as the fresh
cell aliquot.

Results shown in Table 6 indicate only

quantitative differences in the fatty acid profiles.

Com

parison of these data with fatty acid profiles obtained from
formaldehyde-killed V. fetus examined in the previous
experiment did not reveal the development of any particular
detrimental effect due to cold storage.

The C16:0, C16:l,

and C18:l fatty acids predominated regardless of the
chemical or physical treatment of the cells prior to
extraction.

Table 6 .

Fattya
acid

V. fetus 1/1
Fresh
_d

12:0
13:0

Effect of different storage temperatures on. the percentage
of principal fatty acids of V^_ fetus grown in SB-AOAC at 37 C.

-

Refrigerated*3

V. fetus 6438
Frozen 0

V. fetus 6571

Fresh

Refrigerated

Frozen

Fresh

TR

TR

-

1.2

-

-

-

-

-

-

-

_

-

-

-

-

Refrigerated

Frozen

14:0

4.5

3.6

4.5

4.6

6.5

7.3

7.1

4.3

3.8

14:1

TRe

-

TR

TR

1.8

TR

TR

1.5

-

15:0

-

TR

TR

15:1

-

-

-

-

1.3

-

-

-

1.1

-

-

TR
1.4

-

-

16:0

33.8

39.8

33.1

40.0

42.6

42.8

41.8

39.3

38.1

16:1

20.8

20.3

20.9

20.2

22.4

20.8

17.8

19.0

19.0

17:0

-

-

-

-

-

-

-

-

17:Br

-

-

-

-

-

-

-

-

-

18:0

2.2

1.2

1.2

1.5

TR

1.0

1.0

3.2

TR

18:1

36.9

33.5

38.6

32.1

23.0

26.8

30.0

28.4

37.6

a b
c
d
e

=
=
=
=

First number designatescarbon chain
length;figurefollowing colon
indicates number of double bonds;
Br indicatesbranched chain
4 C
-60 C
<0.5 per
cent
<1.0 per
cent (Trace)
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C.

DNA BASE COMPOSITIONS

There has been considerable confusion in the literature
concerning the taxonomic status of V. fetus isolates.

Some

workers have attempted to subdivide V, fetus isolates into
varieties and types based upon the source of isolation or
in some instances on the presence of one biochemical charac
teristic

(Mohanty et al., 1962; Florent, 1959).

In order to

attempt to show a taxonomic relationship among different
isolates, six Vibrio strains were sent to Dr. Manley Mandel
for DNA base composition analyses.

The results shown in

Table 7 indicate a range of 34.7 - 35.7 per cent guanine
plus cytosine

(%G+C) .

According to Mandel

(personal

communication ) , there was no significant difference in the
%G+C contents of the strains examined since the standard
deviation of the analysis of a single sample was + 1 . 0 %G+C.
Cells grown in the chemically-defined medium were also
included to take into account any possible effect of the
medium.

Similar values have also’been found by Ashmarin,

Loylsyanskaya, and Polyakov (1968) for V. fetus
and for V. bubulus

(33-34 %G+C)

(29-30 %G+C).

Only V. fetus 1/1 (human) and V. fetus var. venerealis
6571

(bovine) were used in subsequent experiments.

This

decision was based upon the similar fatty acid profiles and
DNA base compositions obtained from the 3 strains previously
examined.

In addition, White and Walsh (1970) reported that
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Table 7.

DNA base composition of Vibrio species.

Organisms

Source

7.G+C

fetus 1/1 ('Human') (TSB')

New York

34.7

fetus 1/1 (Human') (SB-A0AO

New York

34.7

Cornell

35.7

fetus var. intestinalis 64S8 (TSB")

LSU

36.7

L . fetus var. intestinalis 6488 (SB-AOAC)

LSU

36.2

v^_ fetus var. venerealis 25.170 (TSB')

Cornell

34.7

v . fetus var. venerealis 6571 (TSB'J

LSU

35.2

3L. fe tus var. venerea 1 is 6571 (SB-AOAC)

LSU

35.2

\U bubulus (TSB")

Colorado
S tate

34.7

V.

V. fetus var. intestinal is 65 (TSBl
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12 human isolates of V. fetus were identical in their
biochemical characteristics to V. fetus var. intestinalis.
D.

RADIOACTIVITY OF CELLS AND LIPIDS

V. fetus var. venerealis 6 571 was grown as previously
described in SB-AOAC which contained 111.0 p.c of acetate-1■^C.

The cells were shown to incorporate 1.44 jxc or 1.3

per cent of the radioactivity.

Of the 0.3 3 p-c of radioacti

vity incorporated into the lipids of the cell, 47.9 per cent
was found in the extractable lipids, 24.4 per cent in the
bound lipids, and 27.7 per cent in the unsaponifiable lipids.
After TLC separation of the lipid classes of V. fetus
1/1 was accomplished in the solvent system of Mangold (1961) ,
the incorporation of radioactivity was determined by recover
ing the areas of silica gel that corresponded with standard
II-A mixture and measuring the activity in a liquid scin
tillation spectrometer.
phospholipid,

The standard mixture containing a

free fatty acid, triglyceride,

sterol, and

sterol ester was employed as a migration guide.
are shown in Table 8 .
found at the origin.

The results

Ninety per cent of the activity was
Since mono- and diglycerides remain at

the origin along with the phospholipids in this solvent
system, the single dimensional, double development system of
Freeman and West (1966) was used in an attempt to resolve
any mono- or diglycerides present in V. fetus 6571.

A mono-

and diglyceride standard was also included with standard II-A.
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Table 8.

Radioactivity of extractable lipid classes of
V. fetus 1/1 separated by TLCa .

Standard
lipid classes

Origin

dpm^

9.35xl05

%
Radioactivity

90.3

Sterols

2.07xl03

0.2

Free fatty acids

9.66xl04

9.3

Triglycerides

7.73xl02

0.1

Sterol esters

1.28xl03

0.1

a = Solvent system of Mongold (1961)
b = Measured by liquid scintillation

spectrometer
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Results in Table 9 indicate an insignificant amount of
activity in these classes of this organism which could
possibly be due to trailing.

The relative radioactivities

for the phospholipids and free fatty acids were essentially
the same as was found in the V. fetus 1/1 resolved in the
Mangold (1961)

system.
E.

EXTRACTABLE LIPIDS

Gravimetric determinations on chloroform-methanol
extracts of Vibrio fetus cells showed that strain 1/1
contained 13.7 per cent lipids based upon the dry weight
of the cells.

Strain 6571 contained 14.8 per cent lipids.

Quantitation of lipid classes

(Amenta, 1964)

the solvent systems of Mangold (1961)
(1966)

separated in

and Freeman and West

showed that phospholipids comprised 79.2 per cent

of the extractable lipids of strain 1/1 and 77.8 per cent
for strain 6571.

Specific sprays failed to detect the

presence of sterols or sterol esters (Nelson and Booth, 1967;
Shepherd, Ross, and Marion, 1966; Skipski and Barclay, 1969).
Lipid material that migrated parallel to the sterol ester
standard proved to be a hydrocarbon contaminant present in
chloroform.

Amos (1970) reported a similar impurity in

chloroform.
The extremely small amount of radioactivity in glyceride
areas

(Tables 8 and 9) posed an interesting problem.

Very

little is known about the lipolytic enzymes that are active

so

Table 9.

Radioactivity of extractable lipid classes of V ,
fetus var. venerealis 6571 separated by TLCa ,

Standard
lipid classes

dpit3

Phospholipids

1.40x10-*

88.2

Monoglycerides

9.49xl02

0.6

Free fatty acids

I.61x10*

10.1

Sterols

8 .66xl02

0.5

Diglycerides

4.31x102

0.3

Triglycerides

2.51x10"

0.2

Sterol esters

1.21x102

0.1

%
Radioactivity

a -• Solvent system of Freeman and West (1966)
b = Measured by liquid scintillation spectrometer
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in bacteria.

The presence of both lipases and phospholipases

has been demonstrated and lipolytic phenomena observed
(Asselineau, 1966).

The difficult question arises as to

whether lipid extracts contain the original constituents
present in the cells or whether these extracts contain
products of enzymatic degradation.
The activity of lipases could possibly account for the
absence of triglycerides

(Law, 1967) and also the rarity of

mono- and diglycerides in bacteria.

Alford, Pierce, and

Suggs (1964) have indicated that the lipase of Pseudomonas
fragi attacks mono- and diglycerides at a much slower rate
than it does triglycerides and consequently, the preceding
statement becomes more meaningful.

Colwell, Adeyemo, and

Kirtland (196 8) demonstrated the presence of lipase activity
in 3 8 Vibrio isolates.
In addition to lipases, there is also the possibility
that phospholipases could be adding hydrolyzed fatty acids
to the free fatty acid fraction.

Phospholipases A

(Okuyama

and Nojima, 1969), B (Ilayaishi and Kornberg, 1954), C
(Kleiman and Lands, 1969) , and- D (Ono and White, 1970) have
been demonstrated in bacteria.

In some instances, the

activity of phospholipases has been accelerated by solvents
commonly used in lipid extraction.

I-Ianahan (1951) reported

the cleavage of phosphatidyl choline by phospholipase A in
diethyl ether.

Free, unsaturated fatty acids were preferen

tially released and lysophosphatidyl choline was formed.
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The activity of phospholipase C in plant tissues was greatly
accelerated by diethyl ether or by alcohol-ether mixtures
(Kates and Eberhardt, 1957).

Since Smith (1954) has shown

that extracts of Hevea latex treated with isopropanol
inactivated phospholipase C and freed his samples of phosphatidic acid, an experiment was designed to determine the
feasibility of isopropanol as a lipid solvent.

Labelled

V. fetus 65 71 cells were extracted with isopropanol exactly
as described for the chloroform-methanol extraction and the
extract subjected to TLC analysis.

Any shift in radioacti

vity between the phospholipid and free fatty acid classes
should reflect phospholipase activity.

The results in

Tables 9 and 10 show that such a shift did occur.

Although

there was no change in the relative percentages of the monoand triglycerides, the relative percentage of diglyceride
did increase suggesting the possibility that isopropanol can
inactivate lipases if they are present.
In order to determine if there was any selective
solubility of fatty acids by isopropanol as was reported
by Ratledge and Saxton (196 8) for some other lipid solvents,
lipid profiles on isopropanol extracted lipids were obtained
on 3 strains of V. fetus.

A comparison of the results in

tables 5 and 11 show that qualitative differences did not
occur but there were differences in the quantities of fatty
acids.

The possibility existed that any lipase present

might show a fatty acid preference which might be reflected
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Table 10,

Radioactivity of V_,_ fetus var. venerealis 6571
lipids extracted with isopropanol and separated
by TLCa .

Standard
lipid classes

dpm^

%
Radioactivity

Phospholipids

1.14xl05

94.8

Monoglycerides

3.43x102

0.2

Free fatty acids

1.21xl03

1.0

Sterols

l.OSxlO2

0.1

Diglycerides

4 . 65xl03

3.9

Triglycerides

0

0

0

0

+

Sterol esters

a = Solvent system of Freeman and West (1966)
b = Measured by liquid scintillation spectrometer
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Table 11,

„

Fatty
acid

12:0

Percentage of principal fatty acids of V. fetus
extracted with isopropanol and separated by G L C a ,

b
V. fetus 1/1
_c

V. fetus 6488

V. fetus 6571

-

-

-

-

13:0

-

14:0

4.7

6.3

4.6

14:1

TRd

-

-

15:0

-

-

-

15:1

-

-

-

16:0

31.8

40.6

39.6

16:1

21.1

19.0

20.1

17:0

-

-

-

17:Br

-

-

-

-

TR

18:0

TR

18:1

40.0

32.7

34.2

a = Grown in, SB-AOAC at 37 C
b = first number designates carbon chain length; figure
following colon indicates number of double bonds;
Br indicates branched chain
c - < 0.5 per cent
d = < 1,0 per cent (Trace)
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in the profile.

This selectivity for fatty acids has been

exhibited by other microbial lipases

(Alford et al., 1964).

Results of the gravimetric determination of the
extractable lipids

(13.9 per cent) of V. fetus 6571 employ

ing isopropanol as the solvent agreed favorably with the
14.8 per cent value obtained from chloroform-methanol
extracted cells.

No lipid material could be recovered by

chloroform-methanol extraction of the cells after they had
been subjected to isopropanol extraction.

In addition, iso

propanol did not cause the bacterial cells to adhere to
glass surfaces with the consequent cell loss during transfer
minipulations.

The efficiency of isopropanol as a lipid

solvent has also been cited by Friedman (1969).
Radioactivity of the fatty acids found in the two lipid
classes of V. fetus 6571 was determined utilizing phenethylamine as a -^CC^ absorbent.
with chloroform-methanol,
transmethylated.

Labeled lipids were extracted

separated into classes, and

A check for radioactivity was made on the

water-wash after methylation to determine if lipid components
other than fatty acids were, labeled and the results were
negative.

Methylated fatty acids were separated in the

RC-GLC, ^ C O 2 collected in phenethylamine, and counted by
the liquid scintillation counter.
for background, quenching, and

The values were corrected
trapping efficiency.

Relative radioactivity was calculated by dividing the
per cent total radioactivity by the per cent mass area.
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The composition of the phospholipid class is shown in
Table 12.

Only those fatty acids which had values of at

least one per cent for mass area and/or radioactivity were
considered,

A comparison of Tables 5 and 12 showed the

same fatty acids predominating with little variation in the
relative percentages.

Data from Table 12 indicated that the

016:0 fatty acid had the greatest mass area and per cent
radioactivity.

Although the relative radioactivity for

Cl 4 :0 , C16 :0 , C16:l, and C18:l fatty acids was essentially
equal, the C18:0 fatty acid showed a value higher by a
factor of at least 10 which indicated this fatty acid was
more actively synthesized from acetate-l--^C.

The relative

radioactivity values in free fatty acids (Table 13) for
C18:0 also showed more active synthesis along with the C16:l
fatty acid; however, the degree was only twice the value for
the other fatty acids.

In the free fatty acid class, over

5 8 per cent of the mass and 4 9 per cent of the radioactivity
were found in the C16:0 fatty acid.

Identical analyses

performed on the extractable lipids of V. fetus 1/1 showed
similar values for mass area and radioactivity.
Phospholipids present in V. fetus 6571 were examined in
greater detail by separation into individual components by
TLC.

Four different solvent systems were employed in the

identification process.

In order to achieve cleaner separa

tion, phospholipids were first separated from the free fatty
acids by the Mangold system (1961) , eluted from the silica

57

Table 12.

Fatty
acid

b

Incorporation of radioactivity into the principal
fatty acids of the phospholipid classa of Vj_ fetus
var. venerealis 6571.

7
c
Radioactivity

%
Mass area^

Relative
radioactivity

14:0

7.1

7.4

1.0

16:0

32.0

43.0

0.7

16: 1

21.0

17.6

1.2

18:0

11.0

1.1

10.0

18:1

28.9

30.9

0.9

a = Separated by TLC
b = First number designates carbon chain length; figure
following colon indicates number of double bonds;
Br indicates branched chain
c = Measured by liquid scintillation spectrometer
d = Separated by RC-GLC
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Table 13.

Incorporation of radioactivity into the principal
fatty acids of the free fatty acid classa of
V. fetus var. venerealis 6571.

Fattyb
acid

%
Radioactivity0

%
Mass area^

Relative
radioactivity

14:0

6.2

4.7

1.3

16:0

49.4

58.2

0.8

16:1

18.1

9.9

1.8

18:0

4.8

2.5

1.9

18:1

21.5

24.7

0.9

a = Separated by TLC
b = First number designates carbon chain length; figure
following colon indicates number of double bonds;
Br indicates branched chain
c = Measured b}' liquid scintillation spectrometer
d = Separated by RC-GLC
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gel, and concentrated under nitrogen before re-spotting on .
chromatoplates.

Three distinct spots were detected by a

molybdenum blue spray (Dittmer and Lester, 1964) using the
solvent systems of Huston et al,,
(1962),

(1965) and Skipski et a l . ,

The spots were tentatively identified as phospha

tidyl ethanolamine

(PhE), lysophosphatidyl ethanolamine

(LyPhE), and phosphatidic acid (PhA) according to the
migration of the corresponding standards.

Co-chromatography

with known standards in two-dimensional solvent systems
justified the tentative identification.
spots were ninhydrin-positive

The PhE and LyPhE

(Skidmore and Entenman, 1962).

The presence of phosphatidal ethanolamine was suggested by
a positive reaction in the PhE spot to dinitrophenylhydrazine (Reitsema, 1954) although a standard \^as not available
to aid identification.

Glycolipids

(Skipski and Barclay,

1969) were not detected.
Table 14 shows the radioactivity incorporated into the
phospholipids of V. fetus 6 5 71 which were separated in the
two-dimensional solvent system of Skidmore and Entenman
(1962).

Again only 3 spots were detected and PhE contained

94.6 per cent of the radioactivity.

Gas chromatographic

analyses of the fatty acids in the individual phospholipids
were made and the results are shown in Table 15.

The

solvent system of Abramson and Blecher (1964) utilizing
basic chromatoplates was employed for resolution.

Although

not shown in tabulated form, LyPhE contained only a C14:0
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Table 14.

Incorporation of radioactivity into individual phospholipids
of Vj,. fetus var. venerealis 6571 separated by TLCa .

dpm^

%
Radioactivity

Phosphatidyl ethanolamine

5.60xl04

94.6

Lysophosphatidyl ethanolamine

1.22xl03

2.1

Pliosphatidic acid

1.94xl03

3.3

Phospholipids

a = Solvent system of Skidmore and Entenman (1962)
b = Measured by liquid scintillation spectrometer

61

Table 15.

Fatty*3
acid

Percentage of principal fatty acidsa in phosphatidyl .
ethanolamine and phosphatidic acid extracted from J£j_ fetus
var. venerealis 6571 and separated by TLC^.

Phosphatidyl
e thanolamine

Phosphatidic
acid

14:0

8.6

8.4

16:0

49.0

43.3

16:1

20.4

12.7

18:0

0

13.9

18:1

22.0

21.7

a = Separated by GLC
b = Solvent system of Abramson and Blecher (1964)
c = First number designates carbon chain length; figure following
colon indicates number of double bonds; Br indicates
branched chain
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fatty acid.

The particularly note-worthy finding was the

high percentage

(13.9) of C18:0 fatty in PhA and the absence

of this fatty acid in PhE.

A possible explanation of this

result requires the interpretation of results from several
tables and interjects phospholipase activity again and its
specificity for particular fatty acids.

Data from Table 12

showed that the C18:0 was the most actively synthesized
fatty acid in the phospholipid class; yet its relative mass
area percentage (1.1) was the least.

If only enzymatic

attack is considered, mass area of C18:0 in the free fatty
acid class in Table 13 should be greater than the 2.5 per
cent shown.

Only 13.9 per cent C18:0 was found in PhA

with a complete absence of this fatty acid from PhE (Table
15) .

This suggested that phospholipase C cleaved PhE yield

ing ethanolamine and PhA containing an abundance of C18:0
residues.

Furthermore, LyPhE as was previously reported

contained only C14:0 residues which suggested the possibility
of an active phospholipase A.

Hydrolysis by this enzyme at

the & position on the PhE molecule would leave C14:0 fatty
acid residues esterified at the a ' position (White, Handler,
and Smith, 1964).

Although PhE (8.6 per cent), PhA (8.4

per cent) and the total phospholipid class (7.4 per cent)
contained C14:0, the free fatty acid class only had 4.7
per cent due to its exclusive incorporation into LyPhA.
Since the LyPhE spot gave a negative reaction for plasmalogens, the possibility of interacting phospholipases is
tenable.
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F.

BOUND AND UNSAPONIFIABLE LIPIDS

Gravimetric determinations revealed that V. fetus 65 71
contained 8.8 per cent bound lipids and 3.6 per cent
unsaponifiable lipids based on the dry weight of cells.
The results obtained from V. fetus 1/1 showed 6.8 per .cent
bound lipids and 7.0 per cent unsaponifiable lipids.
The bound lipids of these organisms were studied further
by measurement of radioactivity incorporated into the lipid
classes.

V. fetus 6571 yielded a component which contained

69.3 per cent of the activity on a chromatoplate developed
in the Mangold solvent system (19 61).

Although this

component did not migrate similarly to any of the standards,
methylation and GLC analysis revealed a C18:0 fatty acid
(99 per cent) which was in agreement with previous data
(Table 12)

showing a relatively more active synthesis of

this fatty acid.

Free fatty acids

(16.9 per cent activity)

of the bound lipids were analyzed in the RC-GLC and results
are shown in Table 16.

The most actively synthesized fatty

acids were 015:0 and C17:0.

These fatty acids were not

found in the extractable lipids and have only been rarely
reported for gram-negative bacilli.

Since most studies are

usually confined to the extractable lipids, the absence of
these fatty acids was understandable.
Analyses of the bound lipids of V. fetus 1/1 demonstrated
similar results.

The solvent system of Freeman and West

(1966) was employed for the separation of components. Again,■
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Table 16.

Fattyb
acid

Incorporation of radioactivity into the principal fatty
acids of the free fatty acid class3 of V_r. fetus var.
venerealis 6571 bound lipids.

Radioactivity0

Mass area^

Relative
radioactivity

14:0

32.7

32.1

1.0

15:0

9.1

2.3

4.0

16:0

10.8

17.0

0.6

16:1

24.3

25.2

1.0

17:0

10.3

1.8

5.7

18:0

3.4

5.9

0.6

18:1

6.3

14.0

0.5

18:2

3.1

1.7

1.8

a = Separated by TLC
b = First number designates carbon chain length; figure following
colon indicates number of double bonds; 3r indicates
branched chain
c = Measured by liquid scintillation spectrometer
d = Separated by RC-GLC
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an unidentified lipid fraction appeared which did not have
a migration characteristic of any of the standards.

This

component represented 70.2 per cent of the radioactivity
whereas 12.8 per cent was found in the free fatty acid
class,
Although the unsaponifiable lipids of each organism
showed appreciable quantities by weight, no sterols were
detected by charring (Nelson and Booth, 196 7) or by any of
the chromatosprays
Barclay, 1969).

(Shepherd et al., 1966; Skipski and

Resolution of these lipids by TLC yielded

a fraction which migrated similarly to the free fatty acid
standard and contained 75-85 per cent of the radioactivity.
Fatty acid analysis of this class showed the identical
relative percentages of the fatty acids found in the free
fatty acid class of the bound lipids.

An attempt was made

to understand this result by following the labeled material
after saponification.

Aliquots taken from each wash during

the partitioning manipulation indicated that potassium
salts of fatty acids were being leached out by ether into
the unsaponifiable fraction and could not be washed out by
water into the aqueous phase.

Blass (1956) reported the

isolation of a "wax" fraction from V. cholerae which
yielded 4 8 per cent fatty acids after prolonged saponifica
tion.

This fraction represented about 6 per cent of the

total lipids, which is comparable to 5.3 per cent average
unsaponifiable lipids found for V. fetus in this present
study.

CHAPTER V
SUMMARY AND CONCLUSIONS
Although V. fetus is considered a classical microaerophilic species without being adaptive to either aerobic or
anaerobic growth (Smith et al., 1964), the strains employed
in this investigation were capable of aerobic growth after
subculturing in liquid media.

Mohanty et al.

(1962)

reported a similar occurrence.
This investigation was undertaken to study the composi
tion and biosynthesis of the lipids of V. fetus and the
factors that might influence these components.

A prelimi

nary investigation determined that synthesis of both
saturated and unsaturated fatty acids was influenced more
by the temperature of growth rather than the composition of
the growth medium.

As the temperature of growth was

decreased, the relative percentage of unsaturated fatty
acids increased.

Different growth media produced primarily

quantitative changes in fatty acid composition.
Acetate-l-l^C was incorporated into V. fetus cells.
Of the approximately one per cent incorporated, 47.9 per
cent was found in the extractable lipids with the remainder
of the label almost equally divided into the bound and
unsaponifiable lipids.

Only phospholipids
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(78.5 per cent)
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and free fatty acids were found in the extractable lipid
fraction which suggested lipase activity.

Diglycerides

appeared when lipase activity was inhibited by isopropanol.
Isopropanol was shown to be an efficient lipid solvent which
appeared to be as efficient as the chloroform-methanol
solvent system in extracting lipid classes with similar
fatty acids.
Among the five principal fatty acids found in the
extractable lipids of V. fetus, the C18:0 fatty acid was the
most actively synthesized in the phospholipid class.

When

the free fatty acid class was examined, both C16:l and C18:0
fatty acids were the most actively synthesized.

Of the three

phospholipids found in this species, phosphatidyl ethanolamine represented 95 per cent of the total.

The possibility

was suggested that the other two phospholipids (LyPhE and
PhA) ’were products of enzymatic degradation.

Two interacting

phospholipases which could cause such a degradation showed a
specificity for particular fatty acids.

The presence of

phosphatidal ethanolamine was also suggested and was
compatible with the hypothesis dealing wTith phospholipase
action.
The bound and unsaponifiable lipids were not fully
characterized.

However, in the bound lipids, C15:0 and

C17:0 fatty acids were found and shown to be the most actively
synthesized from acetate-l-^^c.

The fact that these fatty

acids were found in bound lipids and not extractable lipids
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was offered as an explanation for the rarity of these fatty
acids being reported in gram-negative bacilli in the litera
ture.

Sterols were not detected in the unsaponifiable

lipids but fatty acids were present and were possibly due
to a saponification-resistant "wax" material (Blassr 1956).
V, fetus contained approximately 27 per cent total lipids
based upon the dry weight of cells.
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